A best evidence topic in thoracic surgery was written according to a structured protocol. The question addressed was whether there is a role in using intra-pleural fibrinolysis or thrombolysis with an agent such as streptokinase aids in resolving haemothoraces following trauma. Twenty-four papers were identified using the search below. Eight papers presented the best evidence to answer the clinical question. The author, journal, date and country of publication, patient group studied, study type, relevant outcomes, results, and study weaknesses of the papers are tabulated. We conclude that intra-pleural fibrinolytic does have a role in managing patients with unresolved haemathoraces with complete resolution clinically and radiologically in most patients in half of the studies reviewed. It may be used as an alternative to surgical intervention in certain patients, but little work has been done on comparing intra-pleural fibrinolysis directly to surgical evacuation. The choice of agent and number of administrations are variable but with a similar outcome. Few studies have compared agents. The timing of when to use these agents following the traumatic haemothorax was variable but its use was commonly reserved following 'failure' of chest drainage clinically or radiologically (so usually over a week following the original injury). The overall morbidity including bleeding complications from their use was reported as low.
Introduction
A best evidence topic was constructed according to a structured protocol. This protocol is fully described in the ICVTS w1x.
Clinical scenario
You are asked to see a patient on the orthopaedic ward who had been involved in a poly-trauma one week earlier. Following the accident she required closed fixation of a pelvic fracture, open fixation of a tibia fracture and a complex repair of her elbow. She also sustained multiple right-sided rib fractures and a haemothorax that required a chest drain at the time of her admission. Unfortunately the effusion failed to resolve and she now has a moderate clotted haemothorax on a recent chest CT. You are asked to assess her for a surgical evacuation of haemothorax but realise, considering all her orthopaedic injuries, this may be tricky. You wonder whether intra-pleural fibrinolysis through a chest drain would resolve her haemothorax? *Corresponding author. Royal Alexandra Hospital, 10240 Kingsway Avenue, Edmonton, Alberta, Canada, T5H 3V9. Tel.: q1-780-735-5981; fax: q1-780-735-4245.
E-mail address: ianjhunt@gmail.com (I. Hunt).
Three-part question
In patients wwith haemothoraxx does wintrapleural fibrinoly sisx aid in the resolution wblood in the pleural cavityx? 
Search strategy

Search outcome
A total of 24 papers were identified of which eight were deemed to be relevant. These are presented in Table 1 . Downloaded from https://academic.oup.com/icvts/article-abstract/8/1/129/847961 by guest on 31 December 2018 
Comments
The role of intra-pleural fibrinolysis is well established in the management of pleural infection and empyemas particularly within the paediatric population, its role in managing traumatic haemothoraces is less clear. As a result of penetrating or blunt chest trauma, haemothorax is a common emergency usually initially managed by chest tube insertion. Subsequent complications from retained 'clotted' haemothorax include pulmonary restriction with fibrosis andyor empyema. This occurred in around 10% of the approximately 600 cases of traumatic haemothoraces reported by Oguzkaya et al. w5x . The majority of patients had a chest drain inserted following an unspecified chest injury or in a few cases following a pleural aspiration and went on to receive intrapleural fibrinolytic when the haemothorax failed to resolve (Streptokinase w2-6, 8, 9x tissue plasminogen activator w7x andyor Urokinase w2, 6x). One study directly compared videoassisted thorascoscopy to intra-pleural streptokinase w5x. One study was animal-based w3x and half the studies included patients with haemothorax among patients with a mixture of empyemas or malignant effusions w4, 7-9x.
Regarding the safety and adverse effects of using an intrapleural fibrinolytic, most studies mentioned concerns about potential allergic reactions and transient fevers with using streptokinase and one study specifically excluded patients previously exposed to or with known streptokinase allergy w2x. In studies where complications were mentioned, no allergic reaction or adverse outcome such as coagulopathy was recorded in six of the studies w2-4, 6, 8, 9x, though one study mentioned two patients developing transient disorientation immediately following intrapleural instillation w4x, and another described local pain on instillation as an issue w6x. In that study, the authors added a local anaesthetic to the intrapleural thrombolytic with a reported improvement in pain. One study specifically addressed safety of TPA and noted one case (2.4% of cases but in a mixed group of patients) of bleeding, but the patient was receiving anticoagulation for haemodialysis w7x. The study concluded that its use was safe even following traumatic haemothoraces.
The dose and method of administration of the intrapleural fibrinolytic was relatively consistent across studies. For streptokinase 250,000 IU instilled in 100 ml of saline given via a chest tube which was subsequently clamped for 4 h. For Urokinase, 100,000 IU was used w2, 4-6, 8, 9x. In the TPA study dose varied but most commonly 50 mg was used in 120 ml saline w7x. The time interval between diagnosis and use of intrapleural fibrinolytic ranged from 0 to 30 days, and in two studies the average time interval was 11 days w2, 4x. The number of treatments again varied between 2 to 10, but in the same two studies averaged around five treatments over five days w2, 4x.
Efficiency of intrapleural fibrinolytic agents was measured clinically in terms of patient symptoms and chest tube drainage, radiologically in terms of resolution of pleural collection and re-expansion of lung, and avoidance of further drainage procedures including surgery. All studies recorded an increase in fluid drainage following intrapleural administration of fibrinolytic for haemothorax. Six studies found complete response, defined variably but typically described as resolution of symptoms with complete drainage of fluid and no residual space radiographically occurred in at least half the patients examined w2, 5-9x, and in four studies over 90% of patients had successful clinical and radiological resolution of clotted haemothorax w2, 4, 6, 8x. Partial resolution again defined variably but usually referred as resolution of symptoms but with some retention of clot radiologically was recorded inconsistently. Decision to offer surgery in partial responders or non-responders was also inconsistent. In four studies around 20-30% patients were partial responders w2, 6, 7, 9x. Little comment can be made regarding which agent is most effective though one study using streptokinase and urokinase found no difference w6x.
The need for subsequent surgery was quite variable and probably reflects patient selection and the heterogeneous nature of patients studied, but overall was around 10%. The usual approach was thoracotomy and decortication but more recent studies included VATS w5, 6x. In the study comparing VATS with intrapleural streptokinase, the authors noted significant differences in favour of VATS evacuation in terms of length of hospital stay and avoidance of thoracotomy, as well as a lower incidence of subsequent empyema formation w5x.
Clinical bottom line
Fibrinolytic agents appear to have a role in treating retained haemothorax with significant clinical and radiological improvement demonstrated in most of the studies reviewed. Its use appeared to be reserved following 'failure' of chest drainage alone so was typically administrated over a week following the original injury. Few papers examined directly choice of agent, influence of timing and length of treatment.
